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During the past two decades, numerous studies have found neurobehavioural effects in children in association with chronic lowlevel lead exposure (1, 2) . In 1991, the U.S. Centers for Disease Control released a statement establishing 15 pg/dl as the level at which individual children should receive nutritional and educational interventions and more frequent screening (3) . Canadian guidelines now also suggest 15 pg/dl as an individual intervention level (4) .
Trail, British Columbia, has been the site of a large active lead and zinc smelter for nearly a century. A study conducted in Trail in 1975 found average blood lead levels of 22 pg/dl in 1-3 year olds (5, 6) . A more detailed study in 1989 found a geometric mean of 13 .1 pg/dl in 24-72 month olds, with 39.4% of the samples above 15 pg/dl (7) . Recommendations of the study included the implementation of a comprehensive lead awareness and education campaign and provided the impetus for creating the Trail Community Lead Task Force.
By autumn of 1991, the Task Force had established a comprehensive childhood lead exposure prevention program. The program currently indudes annual blood lead screening of children aged months, case management, education programs targeted at early childhood groups and the general community, community dust abatement programs, exposure pathways studies, and intervention trials. We have previously reported on our work involving indoor dust control trials, ongoing soil treatment experiments, and trends in community blood lead levels from 1991 through 1994 (8, 9) . This paper examines in more detail the effect that community education, dust control, and case management efforts appear to have had on children's blood lead levels in Trail from 1991 through 1996. It is not possible to precisely quantify the impact of these interventions, as the measures were not withheld from matched control groups. Also, there is insufficient data to reliably establish the rate of decline in blood lead levels that Blood samples are analyzed using a graphite furnace atomic absorption spectrometer with Zeeman background correction (10) . The following quality control (QC) procedures are used to verify the accuracy and precision of the blood lead measurements: random split samples from children are analyzed at both the study laboratory and a QC laboratory; replicate samples from adult volunteers are submitted weekly to the two labs; certified reference blood from the National Institute of Standards and Technology (NIST) is submitted weekly to the two labs; blood collection tubes and supplies are prescreened for contamination prior to the clinic; and all blood sample tracking data is double entered into a computerized database management system and cross-checked for accuracy. The annual blood lead clinics cost approximately $65,000 (Canadian). Case management. Blood lead results of 15 pg/dl or higher for children 20 months of age and older, or greater than 10 pg/dl for children under 20 The Lead Program's exposure reduction messages, as well as news about program activities and progress, are communicated to the general public through distribution of a newsletter three times per year to all residential mailing addresses in Trail, advertisements in local print and radio media, billboards, public displays, and quarterly Results Figure 2 shows the trend in geometric mean blood lead levels for children tested for the first time in each year from 1989 through 1996 (there was no blood lead survey in 1990). The age and area distributions of children tested varied significandy (p<0.01) from year to year, so age and area-adjusted blood lead averages are presented. In multiple regression analysis with blood lead as the dependent variable, the year of testing entered into the regression model even after adjustment for age and area (see Table 2 ). The regression showed a declining trend of 0.6 pg/dl (or about 5%) per year.
Changes in local environmental lead levels and weather conditions were investigated to determine whether the 0.6 pg/dl/year decline in average blood lead levels in Trail might be due to improvements in local conditions. Table 3 shows the average soil lead levels in Trail from 1977 to 1992. The differences between years were not statistically significant, even when paired analysis by postal codes was conducted on the 1975 and 1989 data (13) . Therefore, the decline in blood lead levels from 1989 to 1996 is not due to any improvement in soil lead levels.
In infants and toddlers, where skeletal lead contributes a relatively small portion of total blood lead concentration, lead in blood is generally thought to reflect fairly recent exposure (i.e., the past 30 days) (14) . and then appeared to level off (20) . Therefore, it appears that the decline in blood lead levels in Trail from 1991 through 1996 must be at least partly due to local changes. As presented above, there was no corresponding improvement in local environmental conditions during this period. Therefore, it is possible that the continuing decline in Trail children's blood lead levels may be at least partly due to the implementation of (and annual improvements in) community-wide intervention programs.
In the 1-year follow-up of Trail children whose families received in-home educational visits, as well as assistance with exposure reduction measures, we found that these specific interventions produced average blood lead changes of +0.5--4.0
Ig/dl, with statistically significant declines in 3 years out of 5. A number of other published studies have also examined the effects of educational efforts and/or assistance with measures such as house cleaning or ground cover improvement. A study of in-home education efforts in Milwaukee, Wisconsin, involved 431 children up to 6 years of age with initial blood lead levels of 20-24 pg/dl (21) . Advice on nutrition, behavior change, and housekeeping was provided to families of 195 children in this group. The remaining 236 children did not receive visits, either because they were identified before the education visits were being offered or because their families could not be contacted. The mean decline in blood lead in the group receiving visits was 4 tg/dl. The net difference in blood lead change between groups, after adjustment for age and seasonal differences, was 3 pg/dl (p = 0.001). Another group of 28 Milwaukee children with initial blood lead levels of 25-40 pg/dl received the same home visit as in the previous study, plus a visit from a public health nurse (PHN) who conducted a child health assessment and answered any questions about lead (21) . There was no control group in this study, as virtually all families eligible for this program were contacted. The mean decline in blood lead in this group was 6 pg/dl, which suggests that greater declines may be achieved when initial blood lead levels are higher, or that the second visit by the PHN may have provided additional benefit.
A study in the former secondary lead smelter town of Granite City, Illinois, involved 78 children under 6 years of age who had initial blood lead levels greater than 9 pg/dl (22) . The parents of these children received in-home counseling visits lasting about 30-45 minutes. The visits included advice on hand washing, nutrition, housekeeping, hand-to-mouth activity, and simple paint abatement where indicated. There was no control group. At 1 year follow-up, the average blood lead level had declined by 5 pg/dl, which is a particularly noteworthy decrease considering that the average initial blood lead level was only 14.6 pg/dl.
A controlled trial of regular wet mopping of floors, combined with advice regarding hand washing, housekeeping, and lead "hot spot" avoidance, found that the average blood lead level of the group receiving intervention fell from 38.6 pg/dl to 31.7 jig/dl (a drop of 6.9 igIdl), while that of the control group fell by only 0.7 lig/dl (23) .
A more recent study found that a combination of interior painted surface cleanup, house cleanup with a HEPA (high efficiency particulate air) vacuum, mopping with high phosphate detergent, some carpet removal, covering of bare soil with sod or bark, provision of clean sand boxes, provision of household cleaning supplies, and provision of dust control information was effective in preventing a seasonal rise in blood lead levels (24) .
A controlled trial of regular HEPA vacuuming of interior floors in Trail failed to show a clinically significant impact on either blood lead or floor lead levels (8) . However, an uncontrolled follow-up study suggested that a combination of regular HEPA vacuuming, wet mopping, exposure reduction advice, and assistance with ground cover improvement was successful in reducing the summer seasonal rise in blood lead levels and in preventing the seasonal rise in floor lead loadings (9) .
Overall, this report suggests that comprehensive, community-wide interventions such as education, greening, and other dust control measures may have had an impact on blood lead levels in Trail. However, the lack of a control group or adequate baseline data make it impossible to conclude that these actions have had a measurable impact. On the other hand, interventions specifically targeted toward children with elevated blood lead levels do appear to have an impact. Targeted interventions such as inhome counseling and assistance with homebased exposure reduction measures have been associated with reductions in blood lead levels in Trail, as well as at other sites. These targeted interventions have served as effective and appropriate interim measures in Trail while the smelter company has been implementing critical source control actions, such as the reduction of fugitive emissions and the construction of a new state-of-the-art lead smelter. It is recommended that in-home counseling and assistance with home-based exposure reduction activities be implemented and studied as preventive measures for infants, rather than focusing only on children whose blood lead levels are already elevated.
